Persons with disabilities use more health care services due to ill health and face higher health care expenses and burden. This study explored the incidence of catastrophic health expenditures of households with persons with disabilities compared to that of those without such persons. We used the Korean Health Panel (KHP) dataset for the years 2010 and 2011. The final sample was 5,610 households; 800 (14.3%) of these were households with a person with a disability and 4,810 (85.7%) were households without such a person. Households with a person with a disability faced higher catastrophic health expenditures, spending about 1.2 to 1.4 times more of their annual living expenditures for out-ofpocket medical expenses, compared to households without persons with disabilities. Households having low economic status and members with chronic disease were more likely to face catastrophic health expenditures, while those receiving public assistance were less likely. Exemption or reduction of out-of-pocket payments in the National Health Insurance and additional financial support are needed so that the people with disabilities can use medical services without suffering financial crisis.
INTRODUCTION
The National Health Insurance (NHI) program in Korea is an essential social security net covering the entire population. Healthcare providers are reimbursed by a regulated fee for service and out-of-pocket (OOP) rates for each medical service (range 20%-40%). On average, OOP payments financed 37% of health expenditures in Korea, compared with 20% of those across OECD countries in 2011 (1) . High OOP payment is a barrier to use of medical services, resulting in limited financial protections and healthcare inequities (2) . Although health insurance systems and financial risk pooling mechanisms have evolved in Korea, there is still reliance on OOP healthcare financing; the incidence of catastrophic payments is much higher in Korea than other high-income countries (3) .
Along with medical aid programs for people below the poverty line, the Korean government has expanded benefit coverage along with reducing OOP payment for disadvantaged groups in order to alleviate the financial burdens of high health expenditures. For example, registered patients with rare and difficultto-treat diseases or cancers pay only 10% of the total medical expenses as OOP payments. Despite these government efforts, many disadvantaged groups are not considered target populations for benefit enhancement. In particular, people with disability or chronic illness who have more healthcare needs but are above the poverty line are exposed to the risks of not receiving necessary medical services without regard for their ability to pay. High healthcare expenditure and low capacity to pay for catastrophic health expenditures can produce impoverishment.
Catastrophic health expenditure is a construct to measure the burden of OOP payment relative to financial resources. It is defined as "when a household's total out-of-pocket health payments equal or exceed 40% of household's capacity to pay or non-subsistence spending" (4) . Catastrophic health expenditure has been used to evaluate the equity of healthcare payments at the national level (3, 5) and to address the catastrophic impact of OOP payments on lives at the individual and household levels (6) (7) (8) (9) (10) (11) . Increasingly, research finds that people with disabilities face significantly higher total healthcare expenditures, OOP spending, and burden compared to those without disabilities (7, (11) (12) (13) (14) (15) (16) .
Even though people with disabilities may not always need consistent healthcare in the long term, they are at risk of developing secondary conditions, which co-occur with other chronic conditions (17) and occupational injury incidence (18) , and thus use more health services (15) . Because physical or mental disability contributes to job loss or reduced earnings (19) , low family income as well as high healthcare needs due to disability also cause high medical expenditure burdens. Even relatively small expenses can be catastrophic to poor households and catastrophic healthcare expenditures can lead to impoverishment (10, 20) . Both OOP expenses and household characteristics, such as economic and insurance status, were related to the incidence of catastrophic health expenditures for households with special-needs children (14, 20) , households with chronically ill members (21, 22) , and people with mental health problems (19) .
Even with universal social insurance, Korea also faces relatively high OOP payments for healthcare as a percentage of household consumption (3, 5) . Some studies suggested that Korean households with poor or chronically ill members are particularly vulnerable (21, 23, 24) . The Korean government faces critical challenges to enhance benefit coverage and equity in financial protection. At this point in time, it is important to determine how much of a burden regarding OOP payments and how much risk of impoverishment due to high healthcare payments households with disabled members face. Moreover, previous research mostly included disability as one factor associated with catastrophic health expenditures rather than focusing on households with members with disabilities (8) (9) (10) (11) . Therefore, we estimated the incidence of catastrophic healthcare expenditures among households with members who are disabled compared to those without members who are disabled. Additionally, we identified factors associated with catastrophic healthcare in entire sample. This will be helpful to promote the Korean government's actions to protect them against the financial burden of healthcare.
MATERIALS AND METHODS

Study design
We used the Korean Health Panel (KHP) dataset, which was collected by the Korean Institution for Health and Social Affairs and the Korean National Health Insurance Corporation. The KHP is a nationwide representative survey with a stratified, multistage probability sampling design providing scientific data on health service use, expenditure, and health behaviors at individual and household levels. The KHP questionnaires consisted of household components and household member components and were surveyed by both interview and diary method to supplement memory. Since the first survey started in 2008 with a sample of 7,866 households and 24,616 household members, integrated data for the given year were released from 2008 to 2011. Two-year household-level data from the 2010-2011 KHP were combined to improve estimate precision. That is, we used the 2010 KHP for health expenditure and household characteristic variables and the 2011 data for living expenditure information, because the KHP measured health expenditures from a given year and living expenditures and income made in the previous year. In 2010, 17,885 individuals from 5,956 households and in 2011, 17,035 individuals from 5,741 households responded. After merging the data, 5,637 households responded. A total of 27 households with deaths within the year were excluded. The final sample was 5,610 households; 800 (14.3%) were households with members with disabilities and 4,810 (85.7%) were households without members with disabilities.
Households with disabled members
We classified households as having one or more disabled members if the respondent answered that at least one family member was registered in a national disability registry system according to the Korean Disability Act. The Korean Ministry of Health and Welfare has administered a national disability registry system since 1988 in order to establish a welfare delivery system for disabled persons. This system classified persons into one of 15 disability types and six grades of severity from 1 (very severe) to 6 (mild). If people diagnosed with a disability voluntarily apply for disability registration, they are registered into the system after passing the disability grade examination. As of December 2012, there were 2.5 million registered persons with disabilities; this value represents approximately 5.0% of the Korean population.
Because we had only household-level data on healthcare expenditures, we had to allocate one value to each household characteristic variable. In the case of households with two or more members with a disability, information on the first household member with a disability was used for analysis.
Catastrophic health expenditure
Health expenditures are defined as catastrophic when OOP spending on healthcare exceeds a given threshold of a household's capacity to pay (3, 5) . Since there was no consensus on the threshold proportion of household expenditures, which varied from 5% to 40%, we used various threshold levels (10%, 20%, 30%, and 40%). A household's capacity to pay was measured by the total consumption expenditure of the household after basic subsistence needs have been met; that is, the average household yearly non-food expenditure. According to Xu et al. (5) , consumption expenditure is a more accurate reflection of purchasing power compared to income reported in household surveys in many countries. The amount after monthly food expenditure was deducted from monthly living expenditure was used to calculate yearly expenditure. OOP healthcare expenditures were measured by the sum of OOP payments that any household members made for emergencies, inpatient and outpatient services, and prescription drugs in a given year. Indirect medical costs, such as payment for transportation or care, were not included. 
Explanatory variables
We included variables for the household characteristics and the demographic and disability characteristics of members using KHI data as explanatory variables. Household characteristics included number of household members; household income quintiles; receiving public assistance (yes, no); having a member over 65 years (yes, no); household head over 65 years (yes, no); Household head's employment status (working, not working); and having a member with chronic disease including neoplasm, hypertension, cerebrovascular disease, diabetes, and arthritis (yes, no). Equivalent household income was obtained by dividing household income by the square root of the number of household members in order to adjust for differences in family size. Total sample was divided into five groups of equivalent household income distribution (called quintiles).
Disability characteristics of members included type and severity of disability. We combined the 15 disability types of the Korean National Disability Registry into four types: mobility (physical and brain impairments), sensory (visual and auditory impairments), mental (mental retardation, developmental disability, and mental illness), and chronic conditions including renal function impairment. Severity of disability, which was graded from 1 (very severe) to 6 (very mild), was reclassified as severe (Grades 1 and 2) and moderate (Grades 3 to 6, not registered).
Methodology
We examined differences in sample characteristics and healthcare expenditures between households with members with disabilities compared to those without members with disabili- 
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RESULTS
Sample characteristics
As shown in Table 1 , there was a significant difference in characteristics between the households with and without members with disabilities. Lower income groups (the first and second quintiles) of the five income quintiles comprised 61.2% of households with members with disabilities, compared with 36.7% of households without such members. The proportion of households with members with disabilities increased as household income quintiles decreased, which is the reverse of households without members with disabilities. Receiving public assistance was related to the presence of a family member with disabilities. The proportion of households having a member with chronic disease including neoplasm, hypertension, cerebrovascular disease, diabetes, and arthritis were higher in households with members with disabilities than in households without such a person. The characteristics of heads of household were also associated with the presence of a household member with disabilities. Households with members with disabilities were more likely to have heads of households aged 65 or more and not working which means lower economic capability. Of households with one or more members with disabilities, 9.5% had two or more members with a disability (Table 2) . We noted that information of the first household member with a disability was used for analysis in the case of households with two or more members with a disability. The majority of people with disabilities had mobility disabilities, followed by sensory disabilities, mental disabilities, and chronic conditions; most had moderate disabilities. They were more likely to be heads of households, not working, and receive medical aid. *In the case of households with two or more members with a disability, information of the first household member with a disability was used for analysis. NA, not applicable. Out-of-pocket healthcare expenditure Households with disabled members reported annual OOP healthcare expenditures of 1,465.10 USD, which was 1.29 times higher than households without disabled members. Table 3 presents means for four basic components of healthcare expenditures by service types: emergency, inpatient, and outpatient services, and prescription drugs. Households with members with disabilities spend more for inpatient services and prescription drugs than those without members with disabilities. Conversely, expenditures for outpatient services were higher in households without members with disabilities. The financial burden of OOP spending as a proportion of living costs except food was 1.77 times greater for households with members with disabilities compared with those without such members. Table 4 presents the incidence of catastrophic health expenditures for households with and without members with disabilities and by disability characteristics. Households with members with disabilities spent a higher ratio of annual living expenditures on OOP expenses compared to households without members with disabilities. The occurrence of catastrophic health expenditure in the households without disabled members was 27.6%, 13.2%, 7.8%, and 5.1% with the threshold at 10%, 20%, 30%, and 40% respectively. Meanwhile, those with one or more members with disabilities spent 44.3%, 25.4%, 17.4%, and 11.5%.
Catastrophic health expenditures
Disability type of members with disabilities was associated with catastrophic healthcare expenditures. Households with members with physical disabilities or chronic conditions were more likely to experience catastrophic healthcare expenditures than those with members with visual or auditory impairment and mental illness. However, with the threshold of 40%, there was no significant difference in incidence of catastrophic health expenditure by disability type. On the other hand, severity of disability did not make a difference of catastrophic health expenditures. Table 5 presents the results from the logistic regression analysis conducted to identify the impact of having one or more member with a disability on incidence of catastrophic healthcare expenditures in entire households, after adjusting for other explanatory variables. We included control variables of number of household members, household income, receiving public assistance, having a member over 65 years, household head over 65 years, household head's employment status, and having household members with chronic diseases (neoplasm, hypertension, cerebrovascular disease, diabetes, or arthritis). The model goodness-of-fit based on the Hosmer-Lemeshow test was satisfactory with all threshold levels (10%, 20%, 30%, and 40%).
The result indicates about 1.2 to 1.4 times greater likelihood at different threshold levels in households with members with disabilities compared to those without, even controlling for key variables that are known to influence catastrophic health expenditure. Household size, household income, receiving public assistance, household head's age and employment status, and having a member with chronic diseases were statistically significant. Number of household members had a negative association with catastrophic health expenditures at the all threshold levels. Households with two persons were more likely to experience financial burden due to medical expenses than single households. Low household income was a high-risk factor for experiencing catastrophic healthcare expenditures at the all threshold levels. Compared with households in the top 20% of the household income quintiles (Q5), those in the lowest (Q1) household income quintiles were about four to five times as likely to experience catastrophic healthcare expenditures. Households whose heads were over 65 or not working were more likely to incur catastrophic health expenses. The presence of a member with chronic disease in a household increased the odds of catastrophic health expenditures by 1.3 to 2.4 times at different thresholds and by different chronic diseases.
DISCUSSION
This study revealed that households with members with disabilities had higher healthcare expenditures than those without members with disabilities. In general, people with disabilities use more healthcare services and make more payments for medical services due to disabling and secondary conditions than the general population (12, 17, 25, 26) . In particular, expenditures for total healthcare and inpatient service were greater for households with members with disabilities than those for their counterparts, while costs for outpatient services were the opposite. Lack of physical and psychosocial access to medical services would prevent people with disabilities from outpatient visits whenever they were needed, resulting in hospitalization due to their worsening conditions. Their vulnerable health status and lack of early treatment may require more resource-intensive services and therefore more spending for medical services (12) . This finding suggests that preventive approaches for people with disability are crucial to reduce medical costs at both the individual and social level as well as to promote their health.
We also found that a considerable proportion of families with one or more members with disabilities face the catastrophic financial burden of medical expenses. Almost half of households with members with disabilities (44.3%) reported spending more than 10% of their living expenditures for healthcare. Conservatively, one in ten households with members with disabilities paid 40% more. Families with members with disabilities spent about 1.2 to 1.4 times more on annual living expenditures for OOP spending compared to households without members with disabilities. Having one or more member with disabilities was a statistically significant risk factor of catastrophic health expenditure, even after controlling for various variables known to be associated with it in previous research. This is consistent with previous studies that demonstrated that having members with disabilities in the household increases risk of catastrophe (7, 8, 11) . It was also the same for children with disabilities (14, 20) and for persons with mental health problems (19) . Factoring in that people with disabilities underutilize medical services due to limited access or economic reasons (27, 28) , the disparity between households with and without members with disabilities resulting from financial considerations would actually be greater. Higher financial burdens measured relative to their capacity to pay results from not only OOP healthcare expenses but also lower household incomes in families with members with disabilities. High healthcare expenditure and low capacity to pay can lead to impoverishment. On the other hand, families with members with disabilities can choose to underutilize healthcare services or reduce consumption of other items for family members with or without disabilities owing to economic burden (29) . Consequentially, spending excessive OOP health expenditure may provoke households with members with disabilities to reduce quality of life for all household members.
Differences in incidence of catastrophic health expenditures were also found in type but not severity of disability. There was a tendency that people with chronic conditions or mobility disabilities were more likely to be at risk of catastrophic health expenditure than those with sensory or mental disabilities. They were not statistically significant, after adjusting for variables such as household income or chronic disease (not shown). A previous study showed a similar pattern that elderly households with people with sensory or mental disabilities reported lower occurrence rate of catastrophic health expenditure than those with physical disabilities with a 10% threshold (31) . However, because we had a relatively small frequency of each type of disability who experienced catastrophic health expenditure with higher levels of threshold, careful interpretation is required. The existing study results on severity of disability are not consistent (15, 31) . Palmer and colleagues (15) reported that disability degree was strongly related to the use and economic burdens of healthcare; that is, people who require assistance eating or toileting experienced high healthcare costs. In addition, persistently disabled working age adults had higher total expenditures and proportion of family income spent as OOP expenses than the temporarily disabled who were more likely to employed, less likely to be poor, and more likely to be privately insured (26) . On the other hand, Roh (31) reported households with elderly with severe disability in Korea, compared to those with moderate disability, did not have higher prevalence of catastrophic health expenditure like our results, but higher likelihood to remain exposed to catastrophic health expenditure at high threshold levels. One explanation of this finding is that because the incidence of catastrophic health expenditure showed different patterns by both type and severity among our sample, it offset the effects. For example, people with severe disability had slightly higher financial burden of medical expenses than those with moderate disability among the physically disabled with threshold at 10%, while it did the opposite among people with sensory, mental, or chronic conditions. The results of additional analysis by both type and severity also indicated that people with moderate rather than severe disabilities had more individual and household medical expenditures among those with physical, visual, mental disabilities, or chronic conditions (not shown). This was similar to a study on healthcare costs of people with physical disabilities (32) . People with severe mobility problems cannot receive medical services without help when they need to visit hospitals. However, we cannot identify the reasons for medical expenditure by disability characteristics. Further study is required with large samples by disability type subgroups.
The result of multiple logistic analyses showed that household income and socioeconomic status was an important determinant of catastrophic expenses. The bottom 20% quintile faced about four to six times greater risk of catastrophic health expenditure compared to the top 20% at all threshold levels. Having household heads who were over 65 years or did not participate in economic activity also was associated with financial burden. Catastrophic health expenditures for families in low economic statuses, in turn, may cause reduced use of medical services and higher health vulnerability. Having a household member with chronic diseases was a factor differentiating the incidence of catastrophic health expenditures. This is similar to previous studies (10, 22, 30) . In particular, households having a member with neoplasm had a higher risk of incurring catastrophic health expenditure than with other chronic disease. A previous study reported that in the early stage after cancer diagnosis, medical costs were high and catastrophic health expenditures were likely to occur (21) . Our findings suggested that households with members with disabilities and with a chronic condition could be the priority target of support for OOP spending.
Meanwhile, public assistance played a crucial role in reducing the economic burdens of healthcare experienced. Exemption or reduction of OOP payment by medical aid reduced the economic burden of medical spending, which is a finding consistent with previous research (21, 26) . Relatively more households with members with disabilities known in this sample (18.3%) were receiving economic benefits from public assistance than those without members with disabilities (4%). However, because Korean medical aid is targeting only people below the poverty line or with specific conditions, many people with disabilities are exposed to risk of excessive medical expenses, resulting in low quality of life and impoverishment. Of course, the Korean National Health Insurance system is required for a reduction in co-payments and expansion of benefit coverage to achieve universal health coverage. Economically marginalized households with great health needs need additional financial support to use medical services without suffering financial hardship.
This study has several limitations. First, the incidence of catastrophic healthcare expenditure depends on the definition or measurement of the capacity to pay and medical expenditures. The former can be measured with household income, consumption expenditure, and consumption expenditure minus real or expected food expenditure. The latter differs from formal medical costs expended in health care institutions, such as charges for emergencies, inpatient and outpatient care and prescription drugs, to informal ones including over-the-counter drug and health supplements (33) . Because the study results may differ according to data source researcher use, careful consideration is needed to compare the incidence of catastrophic health expenditure between studies. Second, recall bias may prevent capture of the complete healthcare expenditure of each household because the KHP survey collected data by self-report. While other data sources used for research on catastrophic health expenditure in Korea have the same limitations, we used the KHP dataset in that it used complementary diary methods to reduce recall bias and provided comprehensive information as a dataset specialized in health service use and expenditure.
We proved the financial burden of medical services for households with members with disabilities compared with those without members with disabilities using representative household survey data. We found that household with members with disabilities are more likely to face catastrophic health expenditures. By developing policies to reduce OOP payments and protect households with members with disabilities from catastrophic health expenditures, health disparities as well as differences in health service use between people with and without disabilities would be reduced.
Although Korea has national health insurance and a medical aid program for the poor, the Korean government faces high OOP payments and numbers of households with catastrophic health expenditures. Catastrophic financial burdens of health expenditures are an especially critical issue to households with members with disabilities because people with disabilities have higher healthcare use and expenses but lower economic status. Our findings suggest that one strategy to reduce OOP expenditure is to increase financial support for households with members with disabilities in order to protect them from catastrophic burdens of medical spending and impoverishment. This study can be used to ensure better access to health services and a higher degree of financial protection for low-income disability groups against the economic impact of illness.
